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Structure-informed engineering expands Pikp-mediated effector recognition in N. 
109
We subsequently focussed on this mutant, and independently repeated the cell death 
117
We conclude that the single Asn261Lys/Lys262Glu (Pikp NK-KE ) mutation at interface 118 3 in the Pikp NLR expands this protein's recognition profile towards effector variants 119 AVR-PikE and AVR-PikA, similar to that observed for Pikm. 
135
Then, we produced the Pikp-HMA NK-KE domain protein via overexpression in E. coli 136 and purified it to homogeneity using well-established procedures for these domains
137
(see Materials and Methods, (20, 22) ). Using SPR, we measured the binding affinity of 
171
We also detect a very low level of interaction between full length Pikp-1 NK-KE and 172 AVR-PikC ( Figure 2C ). However, co-expression of Pikp-1 NK-KE and AVR-PikC does 173 not result in macroscopic cell death in N. benthamiana ( Figure 1C) .
174
These results show that effector variant binding to full-length Pikp-1 and Pikp-1 NK-KE
175
correlates with the in planta cell death response ( Figure 1C 
189
The overall architecture of these complexes is the same as observed for all HMA/AVR-Pik effector structures (20, 22) , and an analysis of interface properties is Pikp to have a more robust, Pikm-like interface in this region.
206
We found only limited structural perturbations at either of the other previously (Figure 3 -figure supplement 2 
230
Secondly, we investigated the impact of mutations at interface 3 using the Glu53Arg 231 (E53R) mutant in AVR-PikD, AVR-PikE and AVR-PikA. We found that the AVR-
232
PikD E53R mutant has essentially no effect on recognition of the effector by Pikp NK-KE in 233 N. benthamiana, and no effect on interaction with Pikp-HMA NK-KE , or full-length
234
Pikp NK-KE ( Figure 4A ,B,C). By contrast, the equivalent mutation in AVR-PikE and Pik expression constructs used in this study are as described in (22).
317
For Y2H, we cloned Pikp-HMA NK-KE (as above) into pGBKT7 using an In-Fusion 318 cloning kit (Takara Bio USA), following the manufacture's protocol. Wild-type Pikp-
319
HMA domain in pGBKT7 and AVR-Pik effector variants in pGADT7 used were 320 generated as described in (22).
321
For protein expression in planta, Pikp-HMA NK-KE domain was generated using site and AVR-Pik variants used were generated as described in (22).
327
All DNA constructs were verified by sequencing. pOPINA:AVR-PikD/E (which were prepared as described in (22)). Cells were grown 
Protein-protein interaction: Yeast-2-hybrid analyses
358
To detect protein-protein interactions between Pik-HMAs and AVR-Pik effectors by
359
Yeast Two-Hybrid, we used the Matchmaker® Gold System (Takara Bio USA).
360
Plasmid DNA encoding Pikp-HMA NK-KE in pGBKT7, generated in this study, was co- 
447
X-ray data sets were collected at the Diamond Light Source using beamline i03 448 (Oxford, UK). The data were processed using the xia2 pipeline (44) and CCP4 (45).
449
The structures were solved by molecular replacement using PHASER (46) 
453
Structures were validated using the tools provided in COOT and MOLPROBITY (49). replicates; these dots are jittered about the cell death score for visualisation purposes.
454
492
The size of the central dot at each cell death value is proportional to the number of 
571
(coloured in blue and purple, respectively) bound to AVR-PikD (light and dark green).
572
(B) Pikp-HMA and Pikp-HMA NK-KE bound to AVR-PikE (light and dark blue). replicates; these dots are jittered about the cell death score for visualisation purposes.
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